In the finance literature, foreign investors are sometimes assumed to be less informed than domestic investors about the value of local assets (see, for example, Stulz and Wasserfallen, 1995; Brennan and Cao, 1997) . These authors think that this could be due to various factors such as language barriers, different accounting standards in the receiving and investing economies, and a lack of reliable information about the local economy and firms. However, there is also evidence that foreign investors are better informed. For example, Froot et al. (2001) Furthermore, information transmission between the same types of shares on two exchanges also deserves analysis. Research in financial economics suggests that market-wide information may affect the prices of large-capitalization stocks more quickly than small-capitalization stocks; thus information is transmitted from the stocks of large firm to the stocks of small firms.
2 However, there is also evidence of bi-directional information transmission between large and small firms (Weigand, 1996) . Studies of the lead-lag relations between the two A-share markets and between the two B-share markets within a nonlinear framework may provide more empirical results related to this issue.
Additionally, unlike A shares and B shares, which are traded on the same stock exchanges within mainland China, A shares and H shares are segmented in terms of stock ownership as well as the listing and trading locations (Li, et al., 2006) . Since the RMB is not yet convertible to foreign currencies and the HKSE provides a more mature and established stock market, Kim and Shin (2000) claim that many overseas investors prefer trading H shares in Hong Kong rather than B shares in mainland Chinese markets. However, recently, investors have come to expect that the RMB will greatly appreciate in the long run. This appreciation, coupled with one of the strongest bull markets in China since 2005, will dramatically increase interest in purchasing A and B shares from both domestic and overseas investors, since investors will enjoy both stock appreciation and currency appreciation. Therefore, understanding the information transmission mechanism between the H-share market and the A-or B-2 See, for example, Lo and MacKinlay (1990), Mech (1993) , and Chordia and Swaminathan (2000) .
share market could provide useful information about relations across these differently segmented stock markets.
Given the unique feature of market segmentation in Chinese stock markets, the lead-lag relations among these segmented markets have been widely studied. Chakravarty et al. (1998) study the bivariate return correlations between the A-and B-share indices and find some evidence of two-way information flows between the A-share and B-share markets. Chui and Kwok (1998) examine the cross-autocorrelations between A and B shares to determine the information transmission mechanism between these two different types of shares. Recently, Yang (2003) finds that foreign investors in the Shanghai B-share market are better informed than Chinese domestic investors in two A-share markets and foreign investors in the Shenzhen market over time. Several studies have also applied Granger causality tests to determine the lead-lag relationships between the A-share and B-share markets, which, in turn, could also offer evidence on which investors are more efficient in obtaining and processing relevant information and trading on it. Laurence et al. (1997) observe a causal relationship from the SHB to all other Chinese markets and from the SHA and SZB to the SHB. Kim and Shin (2000) find that the A-share markets lead the B-share markets before 1996, but the relationship either disappears or reverses after 1996. In addition, they find that B-share markets tend to lead H-share market since 1996. Sjoo and Zhang (2000) find that information flows from foreign to domestic investors in the SHSE, but the direction is reversed in the smaller and less liquid SZSE. Tian and Wan (2004) (Hiemstra and Jones, 1994; Ciner, 2002) , between volume and volatility in the stock market (Brooks, 1998) markets. This finding challenges the widespread assumption in the literature that information is transmitted from big stocks to small stocks but, rather, suggests a bi-directional information transmission. Furthermore, the evidence shows that since the implementation of the new policy allowing domestic citizens to invest in B-share markets, A-share markets tend to lead their B-share counterparts in the same stock exchange and B-share markets play a significant role in influencing the H-share market.
The remainder of this paper proceeds as follows. Section 2 discusses the data and methodology. Section 3 provides empirical results, and Section 4 summarizes our conclusions.
Data and methodology

Data
The data used in this study are daily price indices of Shanghai A shares (SHA), All of these indices are based on closing prices in U.S. dollars, and stock index returns are continuously compounded.
Methodology
This section presents the methodologies used to investigate the causal relations among segmented stock markets by first discussing the linear Granger causality test and thereafter the nonlinear Granger causality test in detail.
Cointegration and linear Granger causality
In order to test for linear causal linkages between segmented stock markets, we proceed in the following way. First, we apply the well-known Johansen procedure (Johansen and Juselius, 1990) to test for possible cointegration between any two series. Second, we test for Granger causality depending on whether a pair of series is cointegrated. If any pair of series is not cointegrated, we will adopt the following bivariate VAR model to test for Granger causality: 
Since February 17 and 18, 2001 were a weekend, the stock markets were closed. We choose February 19, 2001 as the cut-off point because as of that date, the Chinese government adopted a new policy that removed the restrictions on trading B shares by domestic citizens. 
is the vector of the corresponding error terms, and m is the optimal lag length obtained by using AIC criterion.
If two series are cointegrated, we follow Engle and Granger (1987) to impose the error-correction mechanism (ECM) on the VAR to test for Granger causality between these variables. The ECM-VAR framework is as follows: 
Here, the term 1 t ect  is the error correction term. Thereafter, the Granger causality test examines the null hypothesis that 12 0
Nonlinear Granger causality
The linear Granger causality test is known to possess a low power in detecting nonlinear causal relationships. To circumvent this problem, we use a nonlinear Granger causality test on the residuals from the linear VAR (ECM-VAR) model as discussed above. This approach enables us to detect the existence of any strictly nonlinear causality relation among the variables being studied, since the VAR (ECM-VAR) has already purged the residuals of linear causality.
The nonlinear Granger causality test developed by Baek and Brock (1992) has been further modified by Hiemstra and Jones (HJ, 1994) . This modified approach enables us to examine whether, by removing all of the linear model's predictive power, any remaining incremental predictive power of one residual series for another can be considered nonlinear predictive power. 
where Pr( | ) ⋅ ⋅ denotes the conditional probability and  denotes the maximum 
where 1 C , 2 C , 3 C and 4 C are the correlation-integral estimators of the joint 
Empirical results
We summarize the basic statistics of daily returns of price indices for each sub-period in Table 1 . Upon confirming that all indices possess unit roots of the same order, we apply the Johansen procedure to look for evidence of cointegration for pairs of indices. We first report our findings among A-share and B-share stock markets and thereafter discuss their relations with the H-share stock market.
Granger causality among A-share and B-share stock markets
We find evidence of one cointegration relation in SHB-SZB for the first sub-period and another cointegration relation in SHA-SHB for the second sub-period with p-values smaller than conventional levels.
6 Thus, for these two pairs, we further 5 Diks and Panchenko (2006) report that the HJ test may have an over-rejection bias as sample size increases. Their simulation results show that, under certain assumptions, when sample size is very big (say, for example, 100,000), the rejection probability may tend to be one. We would like to show our appreciation to the referee for pointing out the limitation of the HJ methodology. the second sub-sample, instead of there being no information transmission between the two A-(B-) share markets, as disclosed by the linear Granger causality test, the nonlinear causality test provides evidence of a strong bi-directional causal relation between the two A-share markets as well as between the two B-share markets. The upper portion of panel B shows that, for the relation from SHA to SZA, the test statistic is positive and significant at the 5% level when 8 or more lags are included.
For the rest of the relations, the test statistic becomes significant with lower lags.
Overall, our findings contradict the widely reported findings in the literature that information transmission is from big stocks to small stocks. We find bi-directional information transmission between large and small stocks. investors, become comparatively less important than before. Since the A-share markets have much larger market capitalization and participation, faster growth rates, and higher liquidity, it is logical that they would attract more attention from investors, and thus, information is more likely to flow from A-share to B-share stock markets, resulting in A-share markets leading B-share markets. In Fig. 1 , we summarize these results.
Granger causality between H-share and A-(B-) share stock markets
As mentioned in Section 1, because the H-share market has special features due to segmentation, it is also of interest to explore the lead-lag relation between the H-share market and the A-share or B-share markets. We present the linear causality test results in Table 4 , which reveal only a very weak causal relation running from the H-share market to SHB in the first sub-sample period. In contrast, the nonlinear causality test results displayed in Table 5 disclose bi-directional causal relations do exist between the H-share and the two B-share markets in the first sub-sample period, suggesting an active information transmission among these markets. This is reasonable because H shares listed in Hong Kong and B shares listed in mainland China are both denominated in foreign currencies and traded by similar groups of investors, even though they are subject to different regulatory policies. Therefore, it is natural that we observe information exchange among these markets. We note the test statistics for the lead-lag relations between SHB and H are significant in either direction for all lags at the 1% level. But the relation from SZB to H is significant only at the 5% level with 9 lags, while the relation from H to SZB is significant up to 5 lags. This suggests that the relation between Shanghai B shares and Hong Kong H shares tends to be more pronounced and persistent than the relation between Shenzhen B shares and H shares.
Finally, for the second sub-sample period, while the linear test fails to detect any causal relations running from the two B-share markets to the H-share market, nonlinear tests reveal that the two B-share markets still play a significant role in influencing the H-share market. 9 For instance, the test statistics for the causal relations running from SHB to H and from SZB to H are significant at the 1% or 5% level when 7 or more lags are included in the tests. However, the causal relations running from the H-share market to either B-share market are not significant for any lag. Overall, our nonlinear test results suggest that after the policy change on the B shares, A-share markets tend to lead B-share markets, which, in turn, tend to lead the H-share market. Since mainland China's stock markets close one hour earlier than the stock market in Hong Kong, the persistence of the lead-lag relation from the mainland to Hong Kong even after the government policy change is consistent with the difference in the markets' trading hours.
Conclusions
The unique features of segmented Chinese stock markets have attracted a great deal of attention from researchers and led them to investigate the lead-lag relations among these markets. However, the methodology used by most researchers is based on traditional linear models such as linear Granger causality test, which, it is well known, possesses a low power in detecting nonlinear causal relationships. To circumvent this problem, this paper contributes to the literature by using a nonlinear Granger causality test. Our empirical results show that the causality relation among China's stock markets is more complicated than what the linear causality test reveals.
More specifically, we find strong nonlinear dependence among the five segmented markets in China. In sharp contrast sharply to the results of the linear Granger causality test, the nonlinear causality test provides evidence of strong bi-directional causal relations between the two A-share markets as well as between the two B-share markets before and after the Chinese government adopted a more liberal policy that allowed domestic investors to invest in B-share markets. In addition, the evidence shows that since the implementation of this new policy, A-share markets tend to lead their B-share counterparts in the same stock exchange and B-share markets still play a significant role in influencing the H-share market. ** Significant at the 5% level.
***Significant at the 1% level. ** Significant at the 5% level.
***Significant at the 1% level.
